The main results of theoretical investigations related to the questions of transition radiation of a charged particle in a regular waveguide with periodically modulated anisotropic magnetodielectric filling, which were carried out by the author during several years, are summarized in this report. It is assumed that the charged particle moves perpendicular to the waveguide axis with a constant velocity. The analytical expressions for the transverseelectric and transverse-magnetic fields in a first approximation with respect to the small indexes of modulation are found. The energies of transition radiation in the region of "weak" interaction between the radiation wave and the modulated filling in the case of rectangular waveguide are calculated. The analysis of obtained results shows that the fields in the waveguide represent the set of space harmonics with different amplitudes and in the expressions for the energy of transition radiation, unlike for the case of the unmodulated filling, a member proportional to the modulation indexes of the first degree, is added.
Introduction
In [1] the problem of transition radiation of charged particle, moving perpendicular to the axis of the waveguide with anisotropic magnetodielectric filling was solved. In this work the similar problem in the case, when the anisotropic magnitodielectric filling of the waveguide is modulated in space by a periodic law, is considered. This problem represents certain interest from the point of view of development of the theory and possible applications of periodic media in various fields of microwave electronics [2] [3] [4] [5] [6] [7] [8] .
Statement of the problem and its solution
Let a charged particle with a charge q propagates through the waveguide along the Ox axis with a constant velocity v = {v; 0; 0} perpendicularly to the axis of the waveguide oz and intersects the waveguide surface at the points A 1 (x 1 , y 0 , 0) and A 2 (x 2 , y 0 , 0). We shall assume, that the anisotropic magnetodielectric filling of the waveguide is modulated along z axis according to the harmonic law and the dielectric permittivity and magnetic permeability of the filling have the form
where
* e-mail: gevor_mesi@mail.ru
1 and m µ 1 are the small indexes of modulation, k 0 is the wave number of modulation wave. As is known, the charge density and the current density in this case are described using Dirac δ function and have the form [1, 5] 
The transverse-electric (TE) and transverse-magnetic (TM) fields in the waveguide, as in our previous works [1] [2] [3] [4] [5] [6] , we shall describe by means of longitudinal components of the magnetic vector H z (x, y, z, t) and of the electric vector E z (x, y, z, t). The wave equations for H ωz = µ 2 (z) H ωz andẼ ωz = ε 2 (z) E ωz can be obtained from Maxwell equations taking into account Eq. (1). Calculations lead to the following wave equations in Fourier representation
∆ ⊥ = ∂ 2 /∂x 2 + ∂ 2 /∂y 2 is the two-dimensional Laplace operator. The solutions of the Eqs. (4) and (5) will be sought in the form
where the orthonormal eigenfunctions ψ n (x, y), ψ n (x, y) and the corresponding eigenvalues λ n , λ n of the second and first boundary-value problems for the cross-section of the waveguide (the Neuman and Dirichlet problems) satisfy to known Helmholtz equations with appropriate boundary conditions (see (10) and (11) from [5] ). The analytical expressions for the transverse components of the TE an TM fields are obtained from the Maxwell equations. In Fourier representation they have the form
for TE field and
for TM field, where ∇ = i (∂/∂x) + j (∂/∂y) is the twodimensional Hamilton operator (nabla), z 0 is the unit vector along the Oz axis, index τ indicates transverse components.
By substituting (8) and (9) into the (4) and (5) and having made some transformations in view of (2), (3), (6) and (7) forH n (z) andẼ n (z) we obtain the following equations
By substituting (14) and (15) 
series the coefficients ofH n (z) andẼ n (z), while limiting to the first three space harmonics, we obtain the following inhomogeneous Mathieu-Hill type differential equations
The solutions of the corresponding homogeneous equations will be sought in the form
where the characteristic numbers µ n , µ n and the amplitudes C n k , C n k are the unknown quantities.
Substitution of (20) into the homogeneous equations results in the dispersion equations with respect to µ n , µ n and in a system of equations with respect to C n k , C n k .
By solving the resulting equations in the region of "weak" (not resonant) interaction between the radiation wave and the modulation wave θ n 0 > 1, θ n 0 > 1 , for µ n , µ n and C n k , C n k in the first approximation on the small indexes of modulation we get
where C n k and C n k can be found from the condition of normalization.
The particular solutions of the inhomogeneous wave equations (16) and (17) will be sought by the method of variation of constants. The calculations in view of the radiation condition (no waves propagating to the radiation source) lead to the following expression for the TE and TM fields of transition radiation of a charged particlẽ
The expressions (23) and (24) show that TE and TM fields of the transition radiation of charged particle in its motion perpendicular to the axis of the waveguide with periodically modulated anisotropic magnetodielectric filling is a sum of spatial harmonics with different amplitudes. The amplitude of the zeroth harmonic (k = 0) is not dependent on the modulation indexes and the amplitudes of the plus and minus first harmonics (k = ±1) are proportional to the modulation indexes in the first order.
Energies of transition radiation. Results for the case of rectangular waveguide
The energies of transition radiation of particle moving along its trajectory from x 1 to x 2 we shall find with the help of the value of the braking force qE ωx acting on the particle via the field created by the particle. In the region of weak interaction between the modulation wave and the radiation wave the calculations with regard of (10), (11), (18), (19), (21), (22), (23), (24) and (25) in the first approximation, with respect to indexes of modulation, lead to the following expressions
where from the regions of integration are excluded the frequencies which satisfy the conditions
If in (26) and (27) we consider the limit of m µ → 0 and m ε → 0, we shall receive the expressions for the energies of transition radiation of a charged particle in the case of unmodulated filling of the waveguide. Let us consider the case of a rectangular waveguide, the walls of which are defined by the equations x = 0, y = 0, x = a, y = b. By performing the integration with respect to variable x (0 ≤ x ≤ a) in the expressions for B n and B n (see (14) and (15)), taking into account that the eigenfunctions ψ n (x, y) , ψ n (x, y) and eigenvalues λ n , λ n are expressed by the formulas (18) and (19) from [1] , for S TE n,m and S TM n,m we get
where δ i = 2, i = 0, δ 0 = 1. As can be seen from (29) 
Conclusions
In conclusion we note that the results obtained above allow to calculate the energies of transition radiation in the region of "strong" interaction between the modulation wave and radiation wave and to find some peculiarities of radiation in this region. Note, that the frequency range of the strong interaction is determined from the conditions (28), when the second terms in the brackets under the integrals in (26) and (27) or in (28) and (29) are meaningless.
